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STUDIES ON THE SOIL-INHABITING TARDIGRADE, MACROBIOTUSN
CF. PSEUDOHUFELANDI, FROM SOUTH AUSTRALIA

by AlLAN I BIRD *

Summary

Bign, AL (1996) Studies on the solanhabitine tadigrade. Macrobiomes cf peewdohufelandi, Trom South
Australia, Trans. B Soc, S Ausr, 12004, 147-154, 29 November, 1996,

A turchgrude isolated From gericulural soils at Avon is the fiest member of this phylhan o be described from
South Australia. Specimens were isoluted from feshlv-collected soils and fromr sonk that had been stored dey for
ICe years,

Love and faed specimens weie exwnined ander the light microscope and fised, stained and gold-conned
speetmens were examined using (he scanning vleciron micraseope.

This tordigrade, sstout eylindrical organmism about SO0 gm long by 150 pim wide with the Tour pairs of stubby
leas ending e paired elaws, has been assigned o the species Macrhiots ¢8, pseadohiafelande on the basis ol
the ihorphology of the buccopharnyzeal apparatus, claw shapes and egz processes. The stylets are slighily
curved, sabre-shaped suructires ahout 40 g in léngth and exhibiv marked birefringence under polarized light.
When these turdigeades are Killed the stylets hreak down and disappear

A spoacimen ol Mt prenddelufelendi was ohserved feeding on o nemalode and a signilicant decrease e the

number of nematodes in the soil s the number ol rardigrides incredases g been demonstrated,

Ky Woes:
Biocantio,

Introduction

The tardigrades or water bears belopg to o discrete
phylum, Tardigrada, of cosmopolitan distribution
from diverse habitats including marine. fresh water
andd - terrestral envitonpents, The majority are
[hought o hve anowater [lms surrounding the
Sleaves” of mosses and lichens. They are microscopic
(with udults commonly ranging i length From 200) -
S00 i), are plump and eylindrical in shape and hive
four pairs ol stubby legs ending in claws, They may
o1 may not have eye spots,

In Australio tudigrades have been recorded Trom
Queensland, New South Wales, Victorig, Western
Austradize and Tasmania but ot from South Avstialia
(Mclnnes 1994).

In this paper [ report upon the morphology and
some aspects ol the helivioor ol o tedigrade
isolied from agriculwral sandy  loam soil - from
Avon, South Australia,

Materials and Methods

Localiy arted senl 1vpe

The tardigrades were solated from i soil of sandy
loam fexture classitied os o solonized brown earth
FAUsttalian seil grouping) or as an entisol (LS soil
classihication ). The Tocality was un experimental plot
on i farm al Avon (latlade 34 147§, Tongitude
138719 E) which was direct drilled and had a
wheat/wheat rotatian.

= 2 Phayiond Road Mitcham 5. Aust 3062,

Macrabions el pseudolngelandi, anhydrobosis, microscapy, tardigrades, birelringence.

Soil cores (diton, 5 cm, depth 100 cm) were
collected and mixed in g plastic bag. The sample
mostly nsed in these experiments was collected in
July 1993 and had  been stored dry at room
temperature for three yeuars. However, frexhly-
colleated woil from the samie site on 29 i 1996 prior
(0 (he autamn cuns wis also used (o1 comparison,

Laxtraction from yoil

Alter thorough mixing of fthe soil, SO ¢ abiquols
were placed o nisting apparatus for three duys
(Yeutes & Bird 1994). This procedure was replicuted
m quadruplicate and, alter three days, the collectiy
lubes were remuoved and their contents allowed 1o
settle for 1 hoafter which the supermatunt was
removed by suction 1o within 2.5 ¢m ol the boutom ol
the tube. This extraction procedure was used For all
sorls, whether freshily-collected or stored,

Counting

The contents of cach fube were poured, ptter
vigorous shaking. into o counting chamber (Doncuster
1962). The tardigrades gravitated 1o the Noor of the
counting chamber between the rings and were connted
under it dissecting microscope.

Light imlciascon)

The tardigrades were exanuned under bright field,
polarized light and differental interference contrast
(Nomarski) optics nsing o Vanox Olympus AHBT
research microscope.

Living trdigrades were examined in distilled water
under wcoverslip scaled al its edges with nail varnish,
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Specimens were Dxed by wdding an equal volume
ol boiling donble strength FA 41 (20 ml 40%
formaldehyde and 2 ml glacid acenie acid in 78 mi
cistlled winlen i test tnbe 1o o shaken suspension
of the fardigrades in distifled water, also in a st
tnbe. These specimens were processed 1o pore
glyceral hy Scinharst's (1959 method and mounted
in anhydroos plycerl on shides sealed o o coverslip
by molien parallin as described by De Maesencer &
D'Herde (1903) and then tinged with Eotellan
(Mereh)y. Both living and Bised muaterial were
photogeaphied using Hiord Deter 400 film,

Seaining ¢deevon nijeroseopy

For obsersatiiony under e seanniug cleetran
microscope (SEM), the fixed materinl was wished
repeatedly in distlled water. post-fised wnd stained
w190 aqueous osmiinm letroxide. winshed repeatedly
again i distlfed water, immersed in 1iliered freshly-
made suturated agueouns thiocarbobydrazide Tor 30
min lollowed by repeated washings in disitled waler
and a repettion of the osmiom fixauon, Ths
osimimm-hinding weehnique (Kelley er gl 1973) was
Tollowed by further washings in distilled wajer,

Specimens were fieese-diied by placing thent
between membriane fGlters which woere Irozen rapidly
by placing them in a slinty of frean conled by liguid
nitrogen. The Biliers with atached tardigrades wee
then rmsferred rupidly o freeze drying machine
and freeze-dricd at =70 ¢ over a operiod ol (hree
days. This dried material was then monnted on g
elass covershp atached w an SEM stub and coited
with 30 am of gold to cnhance sibility and
copduoctivity, The material was then examined and
phatogvaphicd in o Giunbridge 8 250 Mk 3 SEM
operated o 200 KV using HHord 120 roll film (14P4
Plus).

Freding experitnenty
Altempts 1 delermine whether or wat ML ol

psewdodndelondi would Teed on Rliizoctonio soluni,
apd Thos possibly implicating the tirdigrade in
suppression al” this plant pathogen in the Tield. were
made using R voland grown in cultiee media in Peirt
dishes. Speciinens of M. el psendolmfelandi that had
been washied repeatedty in sterile distilled water by
centbugidion in an ellont (o subuce sleridize them,
were ponved an 1o the Tungal plutes inmder aseptic
conditions in g laminar flow cabinet.

Results

Maorphioliogy

Beth living and fixed specimens of the kidigrade
isolated from the Avon sl were examined and
meastired. Mesnrenments of the lepgths and widibs
ol ten specimens cach ol Tined and living miatenad
showed, us might he expected, thil some shrinkage
haed oecarred in the Tixed material. Measurements af”
the Biving imatevial were niade only on specimens that
had 1heir lips ond mouth parts reteacted sinee 1his
was the state observed inall Tixed or dead materal,
The mean fengih of living specimens wits 5114 +
47.7 pm (range 428-580 pm, Table 1) and that of
fined muerial way 423.2 8.3 pm (runge 361-500
p. Simitarly, the width ol the living specimens wiis
[54.7 = 153 pin (ange 128-172 p, table D
vompared with 131.2 2 13,3 pm (range T08- 148 ),

The latera) view of the living tardigrade with s
mouth everled and drowing ane ol cach of 1he fune
pairs of stubby legs ending in claws (Fia. 1) 1ogether
wille the c¢haructeristic inleral structure ol the
anlerior region (FFig, 2) and the elaws at the
extrennties ol the Tonrth pair af Tees (Fies 3, 4y are
showvn as viewed under the light microscope,

The fined tagdigrade i ventro=luteral view with the
moulh region inverled bul showing all four pairs of
legs willvtheie claws (Fig, 5 and the ulirgsuucture of
the claws o The second leg (Fig, 6) e shawn as
viewed under the SEM.

TA g 1 Measarements of living Macwliions ¢f pseisdohult bandi

Mt messured Qo Numbers mensnred
Langth ol whele specienen 10

Width ! whale specimen 10

% opusilion of stylet

snpport on buecal wbe R
Leagth ol buccal mbe b
Widih ol bucoal b K
Leagth al pharyngeat bilh b
Widih of plirynecal bulh N
Length of macroplacoid 1 N
Length ol macroplivoid (2) b
Lenglh ol nricroplacord ]
Lenph of 4h foae elaw |

Mean SD Runge
Str4 + 477 SL2R-580
1547 + 153 128172
#n 13 T9.5-82.5
H125 =hlnd 342
Al i (2 555
74 £ 35-40
RERS B/ 08 3340
1nL7S5 £ (I 9-12
) + 15 3.7
24 +1).2 2.5-30
828 <2 .07 B4
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Fig. 1. Whole living Macrobiots ¢f, pseudomufelandi. Bright field apries. Lueral view showing everted sucking mouth
(mk eyespor () and one of each of the four pairs of legs with terminal claws Garrows lubelled -4 from front 1o rear).
The fourth Tew is postenior wnd subterninul. Scale bac = 100 g,

Fig. 2. Everted head of living Moerobious el pseadedugfelundi, Bright field opties showing mouth (m), buecul (ube (b,
stylets (8), stylet support (ss), pharyng (p), macroplacoids |.& 2 and microplacoids tarrowheads from (op 10-hotlomy.
Scale bar = 10 g,

Fig 3 Posterior regton of Maceohions of, psendohafelandn Bright field gptics showing elaws of the dih legs (arows ).
Scale by = 10 jun,

Fig. 4. Simgle chaw (rom the MR ez ol Macibioias e pseacobfeliedi, Mo asal plite at base of elaw Garrow), Scale
b = 10 .
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Fig, 7. Living Macrebioms cf. psewdohafelandi viewed under polarized light, A, Whole specimen. Note birelnngence of

stylets (o), gut contents and muscle attchments to legs Gurow heads) One of the (wo eyes (e is also shown. B Insel
showing an eye (erand the pronounced bivefringence of the two sty lers, Scile baes = 50 pm AL 1) i B.

Although for general purposes bright field optics
were found W be more convenient than the other
syslems used, stylet structure was much more
abyious in hving tardigrades under Nomarski and
polanized light optics than under bright ficld. Stylets
were, however. clearly observed under all three
optical systems provided that the tardigrade was
alive, In both dead and Fixed material, the stylets Tose
therr integrity and appear (o break down,

When viewed under polarized light {Fig. 7) the
stylets exhibited marked hirelringence indicating o
reculur structural orientaton, The stylets are slightly
cufved, sabresshaped  stractirees about 40 um an
lepeth (Figs 2, 7B). When the todigrades were
subjected 1o oxygen deprivation on sealed slides, the

styler birefringence gradually disappeared and was
cntirely lost over o period of several hours as the
stylets broke down. Muscles and intestinal contents
exhihited birefringence o a lesser extent than the
stylets (Fig, 7). However. the muscles and intestinal
coneents rerained their mtegrity and birelringence
alter stylet break down. Stylet break down also
oceurred during fixation which accounts tor their
absence in camera lucda deawiogs of xed material
i the lterature. Thus stylets can only be observed in
living macerial,

The buccal tube (Fig. 2. Table 1) 15 40.25 pm long
X 51 pm wide (percent riatio o the length ol (the
huccal tibe (pry = 12.67 ). The stylet supports (Fig. 2,
Table 1) are meerted al ¥1% of the buceal wbe

Fig- S Whole, fined and sold-coated spectmen of Muerebions o paetadotufelendic SEM pliotograph showing four pairs

af Tegs with cliws Gaerows lnbe e T=4 o Frond o vewr). Seale b =

00 pn.

Fig. 6, SEM photograph of i 2nd feg, Note two sets ol douhle branched claws The maer brinch in each claw carrey two
neces=ory poines sl arrows ) The Basal plite ol the bise o the elisw s seen Bere asoa rounded thickening (lireer

oW ) Seale bar 4 pim
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lying within the moulted cuticle (me), Bright field optics
showing the “cooling tower”-shaped projections on the
surface of the egg shell (arrows). Scale bar = 10 pym.

length. The pharyngeal bulb 1s 37.4 pm long x 34.4
um wide, has apophyses, two pairs of rod-shaped
macroptacoids and a pair of microplacoids. The
macroplacoids differ in length, the first being 10.75
pm long (pt = 26,71) and the second 6.0 pum (pt
14.91); the microplacoids are 2.9 um long (pt
7.21). The claws (Figs 3, 4. 5, 6, Table 1) have
smooth basal plates (Dastych & Alberti 1990) and
well-developed accessory points on their inner
branches. The length of the fourth foot claw is 825
um (pt = 20.50). The egg, enveloped by the shed
cuticle, (Fig. 8) has numerous “cooling tower™-
shaped projections on its surface which protrude
about 5 pm,

i

Taxonomy

This tardigrade was, using available keys and on
comparison of meusurements, determined  as
Mucrobiots hufelandi Schultze, 1834, This species
is cosmopolitan (Schuster & Grigarick 1965).
However, measurcments and slides were sent to a
tardigrade taxonomist {S. Claxton) who kindly
examined the material und considers that this
tardigrade most closely resembles Macrobiotus
pseudolufelandi 1haros, 1966 and should be
assigned tentatively to this species (S. Claxton pers.
comm,). Accordingly, the Avon tardigrade has been
identilied as Muacrobiorus ¢f, pseudohiufelandi
subject to turther deliberations by tuxonomists,

Beliaviour

Specimens of M. cl. pseudohufelandi were placed
in Petri dishes containing the plant pathogenic
fungus Rhizoctonia solani. Although some of the
tardigrades lived for several weeks, they were not
observed to feed, grow or reproduce on the fungus,
Furthermore, no significant differences were
observed in the logarithmically transformed numbers
ol this tardigrade 1sotated from soil that exhibited
suppression of this Tungus compared with the
tardigrade numbers, logarithmically transformet,
isolated Trom soil that did not exhibit suppression of
the fungus (p < 0.05) (Table 2 ). However, there does
appear (0 he a significant inverse linear relationship
between the numbers ol M. cf. pseudohufelandi in
the soil and the numbers ol nematodes (p < 0.001),
Furthermore, a specimen has been obtained alive
from the soil that was in the process of feeding on
nematode (Fig. 9). In soil that had been stored dry for
three years, there was a marked decline in the
numbers of nematodes (4 + 2.9 /50 g soil) compared
with the number of tardigrades (34 = 5.8 /50 g soil).

Discussion

The first recorded obscrvation of a tardigrade was
by Goeze (1773) (cited by Nelson & Higgins 1990)
who referred to them as “little walter bears™ (Kleiner

TABLE 2, The relationships between tardigrades and nematodes in Rhizoctonia-suppressive and Rhizoctonia-non-

suppressive soily

Soils Tardigrades Nematodes Tarchgrades Nematodes
Mean Mean log mean fog mean
counts™ SD counts™ SD counts’ counts!
Suppressive 9 +91 401 + 18 2.81 5.97
Non-
suppressive 30 +48 227 + 149 3.44 5.25
*SED =652 T SED = 0,346

TLSD = 0.75
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Fig, O Vead region ol a living Macrobiotes o pacitdoliife-
femedt, Phatagraphed in the process ol feeding on i nema-
e, Brigln held opties showing mouth tmsnd nemi-
Toncdes (o). Seale b= 10,

Wasser Beir), Three years laler, Spallanzani (1776}
teited by Nelson & Higgins 1990) called them “slow
steppers” ar M Tardigrado which gave rise o the
phylum  name used  woday, Beeause of  their
charctenstic: morphology, the tadigrades are
recognized today as belonging toca discrete phylom,
They probubly evolved wore than SO0 million yceurs
ago in the Cambrian perod when there was an
explosive diversitication of eukiaryotic organisns,
Although the Aven tardigrade clearly belongs ta (he
hufelandi grouping in the genus Mavrobjuy
(Bertolani & Rebecehi 1993) its specific layonomic
wdentity s subject W Turther deliberation.. This
tard g racde Das simdar measurements o dpopulation
ol MLer psdtudehifedandi that aincludes specimeny
front WA (8. Claxtan pers. comm ). Thus, despite the
fact that they have “cooling wower - shaped epa shell
projections that are more like those tllusieated for A7,
lgfelanndi (Nelson & Higgins 19901 than those
illustrented tor M. pyendoiufelandi by Ramuazzotn &
Mallcei ¢ 1983), which have much broader bases, they
are tentatively assigned w M, of pseqdohinfelondi (8.
Claxton pers, comm. ).

The ability ol tardigrades (o survive o side
range of environments ael their world wide dispersad
must be due in no small way (o their ability to enter
into an hvdrobione state. o fmction that they share
with some nematodes and rotifers. | Rave shown thi

M. et pyeudohufelandt can survive Tor at leost three

years in dry soill maintrned at room emperaire.
This was the mpximum time tested and 1 seems
likely that these cremtures could suryive for much
longer under these conditions, since 1t has been
reported (Ketlin 1959) that survival times of up to 10
years can oceor. Indeed. recovery. bat not survival.
has been reported oo oceur after 120 years of
anhydrobiosis (Francheschi 1948 cited by Crowe
1971).

Anhydrobiosis — is - widespread — in Phylum
Tardigrada and it is thought that the disacchande
trehelose functions to protect these organisms since
it accumulates within them as they wre exposed to
desiccation (Westh & Ramlgy 19910 1o this respect
tardigrades resemble those nematodes that exhibit
anhydrobiosis (Madin & Crowe 1975). In their
morphology, of course, they arecompletely ditTerent
and this is reflected in their different behaviour when
observad m water under a coverslip, For example, M-
o psdudohufelandi s able o push ity way through
an air bubble, This i a capahility that 1 have never
observed 1in a nematode,

The composition of the fwo sabre-shaped stylets
does nof appear 1o have heen studied in detail and
they are ahsent from camery lueida drawings because
they  break  down and disappedr in o fisatives.
Sinilarty. they break down on the patocal death of
the animals coused by anoxia on sealed shdes, N
seems strange that structures swhieli, i the conrse of
predation and feeding. cun penetrate both plant and
anrnal tssues, should be so fragile.

[n the living stale. the stylets are readily obseryed
under all optical systems. Hlowever. when viewed

nnder  polarized  hehr they  exhibic marked
hirefringence  indicating  a  regular  stroctural

vrientation. It has been mentioned in the hterature
that the stylets are calearcous (Kacstier 1968) so
their birefringence is probably crystalling and their
break down under unosie conditions might be due 1o
an increased internal acidity  leading 10 the
dizsolufion of calcarcous structures such a8 the
stylets. Clearly such an hypothesis requares Turther
westing,

Mucrabioryy el: pyeadofudedandi was nol observed
Wy leed on the plant pathogenic fungus Rbizoctonia
sebeeni and 1 oconclode it the wrdigrade which |
frave found in large numbers in agriculwral soils in
South Australia: probubly  does not feed on this
[ungus in (he lield but preys on other small soil
organisms such a8 nematodes,

The ability of tardigrades 1o prey on pematodes has
been recognized [or some tme. fo 1969 Sayre
showed that the wardhgrade Hypsibins mvropy could
be cultyred  wsing  the  free-living  nématode
Panagrelluy  redivivay  as prey  (Sayre  1969).
lurthermore, Sayre (19093 showed thal # inyropy
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wis able 10 feed on the plant parasitic nematodes
Melodogyne incognite and Ditvlenchus dipsaci,
Sayre  (196Y) concluded that  “under certain
citcumstances. (tardigrades may) give some control
wnd these need (o he mvestigated”. A major draw
back o this work was that it was conducted in
moist environment using moss as i substrate, Thiy iy
a dar ery from the normal environment of the plant
parusitic  nematodes  that Suyre used i s
experiments,

The tardigrade that I have reporied vpon in this
paper  comes  from  w o true  agncultural o soil
environmenl where il has 1o survive extremely harsh
and variable condions. Under these conditions, it
may have the capacity to reduce nematode
populations although the decline in the numbers of
nemalodes compured with the number of Lardigrades
may reflect the anhydrobiotic capabilities of the
tardigrades compared with those ol the mixed
nematode population rather than predation by the

tardigrades. However, M. el pyendofufelandi may
be an elfective biocontrol agent, although linte is
known of its nematode food preferences and a more
guantitative assessment ol its potential for hiocontrol
of plant parasitic nematodes is needed,
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